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INTRODUCTION
Organic-inorganic hybrid perovskites have emerged as promising materials for the next generation of solar cells because of their ease of fabrication and performances rivalling the best thin-film photovoltaic devices. [1] [2] [3] [4] [5] The introduction of CH3NH3PbX3 (X = Br and I) by Miyasaka et.al. as a sensitizer in an electrolyte-based solar cell structure marked the beginning of perovskite-based photovoltaics. 2 However, the power conversion efficiency (PCE) and cell stability were poor due to the corrosion of the perovskites by the liquid electrolyte. A key advance was made in 2012 by replacing the liquid electrolyte with a solid hole transporting material, which resulted in both high PCE of 9.7% and enhanced cell stability. 3 Since then, an intensive research has been devoted to the improvement of halide perovskite-based solar cells, where a variety of cell architectures have been developed increasing the PCEs to 22.1% over the past years. 6 Fundamental studies have revealed the superior optical and electrical properties of halide perovskites, including the tunability of the band-gap by varying the halide (i.e., bromide, iodide) composition of the perovskite precursor solution, 7-9 the high absorption coefficient 10 and the long lifetime of photogenerated species. 11 CH3NH3PbI3-based perovskite solar cells have been a primary focus due to their near-complete visible light absorption in films <1 μm and their fast charge extraction rates. 11, 12 However, the poor stability of CH3NH3PbI3 and rapid degradation in humidity has remained a major obstacle for commercialization. 13, 14 7, 18, [20] [21] [22] In parallel with the evaluation of the performance contributed by a particular chemical substitution, it is necessary to undertake a suitable crystallographic characterization in the same state or conditions in which the sample will be used. It is of paramount importance to unveil the details of the crystal structure in relation to the physical behaviour, such as CH3-NH3 + (methylammonium -MA) delocalisation, anisotropic displacement factors, tilting of polyhedra, etc. This knowledge is essential to establish relationships between the structures and the macroscopic phenomenology. MAPbBr3 was previously studied by diffraction techniques in single crystal form by X ray or in deuterated sample by neutron beam. [23] [24] [25] In this work, we study the crystallographic features in a powdered, non-deuterated sample from neutron and synchrotron X ray diffraction at different temperatures. From these techniques, we describe the evolution of the orientation of MA group in the 120-295 K temperature range. was fabricated by drop-casting the perovskite solution in dimetilformamide onto Au/Cr prepatterned electrodes with a gap of 10 µm, and drying in a hot plate at 100ºC.
EXPERIMENTAL SECTION

RESULTS AND DISCUSSION
Laboratory XRPD patterns at RT are similar to those previously reported for this phase; 23 no impurities were observed ( Fig. S1 at the Supporting Information). The crystal structure was reported at RT as cubic in the space group Pm3 ̅ m using x-ray single crystal diffraction. 23 Attempts to fit the pattern to this symmetry were not satisfactory, since the sample exhibits This is an authors' version of the manuscript Inorg. Chem., 2017, 56 (22), pp 14214-14219 (DOI: 10.1021/acs.inorgchem.7b02344) that has been published in its final form at: https://pubs.acs.org/doi/abs/10.1021/acs.inorgchem.7b02344
6 strong preferred orientation that cannot be simulated. However, a Le-Bail fit to the cubic symmetry was successful ( Fig. S1 ), obtaining a cell parameter a =5.9595(1) Å.
Even though, the crystal structure was successfully analyzed from the SXRPD patterns: using high-energy synchrotron x-rays in transmission mode contributed to a better powder averaging from rotating capillaries, hence minimizing the preferred orientation. The thermal evolution of the crystallographic structure was followed between 120 K and RT. In this temperature range two phase transitions were observed, as previously reported by Swaison et.al. 23 The patterns collected at RT, 270 and 240 K were refined as cubic in Pm3 ̅ m space group, at 210 and 180 K as tetragonal in I4/mcm space group, and at 120 K as orthorhombic in Pnma space group. At 150 K, transient diffraction lines were observed, which could not be indexed either as tetragonal or as orthorhombic. Figure 1 shows the thermal evolution of selected diffraction lines.
In the high temperature model (Pm3 ̅ m), the lead and bromine atoms were placed in 1a (0,0,0) and 3d (1/2,0,0) positions, respectively. Then, a difference Fourier synthesis map was obtained from the observed and calculated powder diffraction data. This This is an authors' version of the manuscript Inorg. Chem., 2017, 56 (22) , pp 14214-14219 (DOI: 10.1021/acs.inorgchem.7b02344) that has been published in its final form at: https://pubs.acs.org/doi/abs/10.1021/acs.inorgchem.7b02344
9 MA. The structures at 210 and 180 K were correctly refined; the Rietveld plots are displayed in Figure S3 . The crystallographic parameters at 210 and 180 K are listed in Tables S4 and S5, respectively. profiles is shown in Figure S4 , whereas the crystallographic parameters are listed in Table S6 24, 25 and the third one uses the powder method, but with a deuterated sample. 23 In the present study, a NPD pattern was collected in a non-deuterated sample.
Unquestionably, the fact that the incoherent scattering from hydrogen atoms generates a large background, together with a low Q contribution from the inelastic scattering of methyl groups might be inconvenient. Fortunately, this should not affect the quality of the Rietveld refinement if a correct statistic is reached for the crystallographic peaks. observed and calculated data is shown in Figure S7 . The atomic parameters are listed in Table   S7 .
The obtained results agree with those previously informed by Mashiyama et al. 24 but subtly differ to that reported by Baikie et al. 25 The 36 We performed IVs measurements by employing light sources with different wavelengths all at the same illumination power of 1 mW/cm 2 . We extract the wavelength responsivity spectrum of the photodetector (shown in Figure 7c ), by using the next formula:
being R the responsivity, Iph the generated photocurrent and P the illumination power on the device. In this Figure, 
COCLUSIONS
In summary, we show that MAPbBr3 is a promising photodetector material with an excellent responsivity for the more intense radiation of the solar spectrum, around 500 nm. We have deepened into the knowledge of the crystal structure and answered questions regarding the MA conformation inside the perovskite cage, which conspicuously evolve across the phase transitions that this material experiences below room temperature. A partial delocalization in the RT cubic phase, where C and N atoms adopt large multiplicity positions, evolve to a localization in the orthorhombic structure at 120 K, where MA units are oriented within (101) plane. A profound This is an authors' version of the manuscript Inorg. Chem., 2017, 56 (22) , pp 14214-14219 (DOI: 10.1021/acs.inorgchem.7b02344) that has been published in its final form at: https://pubs.acs.org/doi/abs/10.1021/acs.inorgchem.7b02344
14 knowledge of the crystal structure details seems essential to establish structure-property correlations that may drive to further improvements. 
